Dahl SS rats exhibit greater levels of renal medullary oxidative stress and lower levels of fumarase activities. Fumarase insufficiencies can increase reactive oxygen species (ROS), the mechanism of which, however, is not clear. A proteomic analysis indicated fumarase knockdown in HK-2 cells resulted in changes in the expression or activity of NADPH oxidase, mitochondrial respiratory chain complex I and III, ATP synthase subunits, and α-oxoglutarate dehydrogenase, all of which are sites of ROS formation. Meantime, the activities of key antioxidant enzymes such as G6PD, 6PGD, GR, GPx and GST increased significantly too. The apparent activation of antioxidant defense appeared insufficient as glutathione precursors, glutathione and GSH/GSSG ratio were decreased. SS rats exhibited changes in redox metabolism similar to HK-2 cells with fumarase knockdown. Supplementation with fumarate and malate, the substrate and product of fumarase, increased and decreased, respectively, blood pressure and the levels of H 2 O 2 and MDA in kidney tissues of SS rats. These results indicate fumarase insufficiencies cause a wide range of changes at several sites of ROS production and antioxidant mechanisms.
Introduction

1
Salt-sensitive hypertension, a multifactorial disease affecting nearly 15% of the 2 world population, is a major risk factor for stroke, heart failure, and end-stage renal 3 disease [1] [2] [3] . Dahl salt sensitive (SS) rat, as an animal model of human salt sensitive 4 hypertension, was widely used to dissect the pathogenesis. SS.13 BN as great in the dialysate of SS rats when both rats were maintained on a 0.4% NaCl 13 diet [6] . The level was more than doubled with a 4% NaCl in diet, but it remained 14 significantly higher in SS rats [6] . Furthermore, the increased production of O 2 . - by a proteomic analysis in fumarase knockdown HK-2 cells.
33
Results
34
Differentially expressed proteins between FH insufficient HK-2 cells and NC cells 35 The fumarase was knocked down by siRNA in HK-2 cell line, the protein profile 36 of the whole cells was analyzed by iTRAQ based proteomics technology, and 37 metabolites were detected by GC/MS. Content and activity of FH were examined to 38 ensure the efficiency of FH knockdown. The sample preparation used for proteomic 39 analysis same as the description we reported [11] and the sample test was showed in 40 Figure EV1
. 41 A total of 3174 distinct proteins were identified and quantified reliably at the 42 value of global FDR less than 1% and identified with more than two peptides for 95%
confidence. Details of the quantified proteins are shown in shown in Figure EV2 , the relative protein content from western blotting was 50 consistent with proteomic quantification.
51
GO and KEGG analysis of the differential expressed proteins 52 To clarify the changed metabolic pathways that involved in the response to FH MF categories was shown in Figure EV3 and and Table EV4 ).
62
The For the antioxidant response, the total GSH (GSH+GSSG), GSH reduced 110 significantly in renal medulla ( Figure 4A ). The GSSG increased both in renal cortex 111 and medulla ( Figure 4B ). The ratio of GSH/GSSG reduced significantly in renal 112 medulla (P<0.01), and renal cortex (P=0.065) ( Figure 4C ). The GSH synthesis substrate 113 glutamate, glycine and L-cysteine reduced significantly in renal medulla ( Figure 4D ).
114
Meanwhile, the activity of G6PD increased in renal cortex and medulla, but the Figure 1C ). 
(4) RPLC-MS/MS analysis 320
The online Nano-RPLC was employed on the Eksigent nanoLC-Ultra™ 2D Helium was used as carrier gas at a constant flow rate of 1 ml/min. The GC 397 temperature programming was set to 2 min isothermal heating at 80°C, followed by 398 10°C/min oven temperature ramps to 120°C, 5°C/min to 260°C, and then increased at Table EV3 . GO enrichment of the total significant changes proteins. Table EV4 . KEGG enrichment of the total significant changes proteins. 45  46  47  48  49  50  51  52  53 
